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Abstract— This paper presents the design of a circular polarized 
antenna for wireless communication system. Firstly, the linear 
polarization antenna is simulated in the CST Microwave Studio. 
This linear polarization antenna is designed by using double H-
shaped slots, coplanar waveguide (CPW) and stair notches at the 
patch techniques. Then, the truncated corners at the patch are 
designed to create a circular polarization antenna. The dimension 
of this circular polarization antenna is 28 mm width x 33 mm 
length. Both antennas are designed for a single frequency 
operation band at 2.4 GHz. The return-loss performance of the 
circular polarized antenna is - 46.785 dB and – 39.758 dB for each 
simulation and measurement respectively  
 
Index Terms— Wireless LAN, patch antenna, circular 
polarized, stair notches 
 
I. INTRODUCTION 
 
Antenna plays a crucial role in the field of telecommunication 
namely for satellite communication, mobile phone and military 
use [1]. The growth of mobile communications results in the 
increasing demand of smart phones, wireless Internet and other 
broadband applications. In relation to this, there is an increasing 
demand for high data rate and high capacity to satisfy the 
growth of mobile communications [2-3]. Further, the advantage 
of wireless technology such as wireless local area network 
(WLAN) is well known to provide more speed and range within 
the network. Studies, such as those reported in [4-6] have 
developed many antenna designs for WLAN applications.  
In the modern wireless communication, products such as 
smartphones and radio frequency identification (RFID) tags are 
purposely designed to be lightweight and very compact in size 
so that they are portable and easy to be used everywhere. For 
instance, an antenna is designed in a very small size so that the 
antenna is able to fit inside compact-sized products. Moreover, 
wireless devices are designed to be portable so that they fit into 
small devices and used practically. Thus, the size of an antenna 
is also one of the main criteria to be taken into account when 
designing antennas [7-9].  
The use of linear polarization (LP) provides bad results to 
any signals since they are not straight and detect signal in one 
direction only, causing a lost of signal strength. This difficulty 
can be reduced by Circular polarization (CP) that always 
receives a component of a signal, and this allows it to have an 
angular variation. Circular polarization antennas are able to 
send and receive signals in all angles, thus limiting the 
transition of the signal strength to a specific plane resulting it to 
be utilized. Works related to circular polarization antenna have 
been documented in [10-12]. 
This paper shows a compact circular polarized antenna by 
using H-shape slots for the wireless LAN applications. An 
example of antenna design that applies an H-slot in a design has 
been done by [13]. The important parameters for this antenna 
are the resonant frequency, return loss, gain, and radiation 
pattern. 
 
II. ANTENNA DESIGN 
 
Microstrip patch antennas consist of a metal patch suspended 
over a ground plane. Dielectric substrates like FR-or Roger 
RT/Duroid 5880 are the important layers that affect the 
performance of the patch antenna.  
In this work, the antennas are designed for the frequency of 
2.4 GHz, which is useful for the WLAN application. The 2.4 
GHz frequency is an unlicensed band and is free for the use of 
the public. The antenna is simulated using FR-4 board and 
copper. FR-4 board with the thickness of 1.6 mm, tangent loss 
of 0.019 S/m and permittivity of 4.4 are used in designing the 
antenna whereas the copper with the thickness of 0.035 mm is 
used as the conductor. The specification of the design is listed 
in Table 1. 
 The design of the antenna is targeted to have gains ranging 
from 2 dB to 4 dB. Meanwhile, the axial ratio for a circular 
polarization antenna must be below - 2.5 dB. Prior to this, the 
antenna is designed to fulfill the compact issue in terms of its 
size by using coplanar waveguide (CPW) feed structure. 
There are two antenna designs presented in this paper. 
The first design is for the linear polarization antenna, while 
the second design is for the circular polarization antenna. 
First, the linear polarization antenna is designed based on 
a rectangular patch structure. Then, the patch is added with 
double H-shaped slots and finally, the return-loss of the 
design is improved by adding a stair notch to the patch.  
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Table 1 
Specification of the antenna design 
 
Specification Value 
Frequency 2.4 GHz 
Return-loss < -10 dB 
Gain 2 dB to 4 dB 
Radiation efficiency < - 3 dB 
Total efficiency < - 3 dB 
Multipolarization Circular polarization 
Axial ratio < 2.5 for circular polarization 
 
 
 
 
   
 
 
   
 
 
 
Figure 1: Front-view design of the linear polarization antenna, (a) double H-
shaped slots, (b) patch antenna, (c) stair notches, (d) feedline 
 
 
Figure 1 shows the schematic diagram and the 
dimensions of the linear polarization antenna. Table 2 
displays the optimum dimension of the linear polarization 
antenna after the parametric study involving different 
dimensions of different slot lengths labeled as f, g and h, 
the stair notches lengths represented by l, k, m, n and the 
patch width/lengths represented by L2 and W2. This 
antenna has a width and length of 15.4 mm and 19 mm 
respectively. 
 
 
 
 
 
 
 
Table 2 
Optimum dimension of linear polarized antenna 
 
Parameter Value (mm) 
L2 19 
W2 15.4 
d 7 
e 12 
f 1 
g 1 
h 1 
i 11 
j 1 
k 3.7 
l 2.5 
m 1.7 
n 1.5 
o 10.5 
 
Figure 2 shows the configuration of the circular polarization 
antenna (front view). The antenna that consists of a rectangular 
patch with double H-shaped slots and stair notches on top of the 
patch is the same as the linear polarization antenna. The only 
difference is that in its design; the patch is cut out with a 
truncated corner to create a circular polarization radiation. For 
further illustration, Table 3 represents the optimum dimensions 
of the circular polarization antenna. In this case, the parametric 
study is conducted by changing the truncated corner width 
dimension E, A and B symbol and the width and length of the 
substrate with 28 mm and 33 mm, respectively. The coplanar 
waveguide (CPW) length, F is 7 mm. 
 
 
 
 
 
Figure 2: Front view design of final circular polarization antenna, (a) Front 
view of the patch antenna with H-shaped slot, (b) Feed line with coplanar 
waveguide (CPW) position at patch antenna 
 
 
 
 
 
(a) (b) 
(c) (d) 
(a) (b) 
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Table 3 
Parameter of the circular antenna 
 
Parameter Value (mm) 
A 28 
B 33 
C 17.9 
D 16.26 
E 6.88 
F 7 
G 8.63 
H 0.5 
J 1 
III. RESULT 
Figure 3 presents the comparison of return-loss between the 
simulation and measurement of the linear polarization antenna. 
The return-loss of the linear polarization antenna is – 66.358 dB 
at 2.401 GHz for simulation while – 37.33 dB at 2.386 GHz for 
measurement.  
After the process of the parametric study is done, the width 
and length of the H-shaped slots can shift the resonant 
frequency to the left side. For instance, the three striped slots in 
this case can reduce more resonant frequency, as compared to 
using one striped slot or two striped slots. Prior to this, the 
bandwidth of the antenna is improved when the height of the 
ground plane, labelled as F, is increased. 
 
 
Figure 3: Return loss comparison for simulation and measurement for linear 
polarization antenna 
 
Figure 4 and Table 4 show the return-loss of the circular 
polarization antenna. The frequency resonant for the 
measurement is shifted to the left compared to the simulation 
result. The bandwidth of the measured response is wider than 
the simulation result.  For the simulation results, this antenna 
has the resonant frequency at 2.401 GHz with a return-loss of - 
46.785 dB, while the measurement shows the resonant at 2.391 
GHz with a return-loss of – 39.758 dB. There is a small ripple 
that occurs in the measurement result, which is due to the 
connection of the equipment and the cable. However, the 
bandwidth of the simulation is wider than the measurement 
result, which is 500 MHz for the simulation result and only 46 
MHz for the measurement. 
 
 
Figure 4: Return-loss comparison for simulation and measurement for circular 
polarization antenna 
 
Table 4 
Comparison of simulation result and measurement for circular polarization 
 
Parameters Simulation Measurement 
Frequency (GHz) 2.401 2.391 
Return-loss (dB) - 46.785 - 39.758 
Radiation Efficiency (dB) -1.858 - 
Total Efficiency (dB) -1.859 - 
Axial Ratio (dB) 0.4035 - 
Directivity (dBi) 1.964 - 
Gain 1.052 1.312 
 
The circular polarized antenna shows that the stair notches 
can improve the return-loss performance at the desired 
frequency. In contrast, the increment of H-shaped slots with 
width, f, g and h will shift the resonant frequency to the left 
side. In addition, the width of the feedline, I and a, for both 
linear and circular polarization antenna, will determine the 
antenna input impedance. This means that the 50 ohm input 
impedance is chosen for both designs in order to achieve a 
better efficiency performance. 
Moving on, Figure 5 examines the axial ratio of the circular 
polarization antenna. The simulation result for axial ratio at 2.4 
GHz is marked at 0.4035 dB. Therefore, this design can 
resonate at 2.4 GHz with circular polarization radiation. Other 
than that, the axial ratio of this design is higher than 3 dB in 
between 2.75 GHz to 2.97 GHz, which means that the design is 
having a linear polarization at this range.  Besides that, with the 
increment of the truncated corner width, E until 6.88 mm, the 
axial ratio and the return-loss of the design can be improved. 
 
 
Figure 5: Axial ratio of circular polarized antenna 
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A comparison of the radiation pattern between the simulation 
and the measurement for the circular polarization antenna is 
shown in Figure 6. The radiation pattern of the simulation in the 
vertical orientation is resembled by an ‘8’ shape. In contrast, the 
measured radiation pattern is shown in the shape of a circle. The 
similar circle also can be seen for the radiation pattern in the 
horizontal orientation.  
 
 
 
 
 
 
Figure 6: Radiation pattern comparisons, simulation (green) and measurement 
(red), (a) linear polarization, 00 and 900, (b) circular polarization, 00 and 900 
 
Lastly, Figure 7 depicts the current surfaces of the linear and 
circular polarization antennas at three different current phases. 
The figure shows that both antennas have high current density 
at the feedline structure at the frequency of 2.4 GHz. There are 
also high current densities found at the stair notches’ structures 
of l, k, m, n for the linear polarization antenna. In contrast, the 
high current density can be seen at the truncated corner, E for 
the circular polarization antenna. A shown in Figure 7, the 
linear polarization antenna shows the up-down arrow and left-
right arrow, while the circular polarization antenna shows the 
additional arrow type of rotating style. 
 
 
 
 
 
 
 
 
 
 
Figure 7: Surface current distribution for the antenna, (a) at the linear 
polarization antenna, current phase = 00, 900 and 1800, (b) at the circular 
polarization, current phase = 00, 900 and 1800 
 
Figure 8 shows the 3D gain of the circular polarization 
antenna. The gain of this antenna is 1.052 dB for simulation and 
1.312 dB for measurement.  At 2 GHz, the gain of the antenna 
is only 0.75 dB, but it had increased at a higher frequency such 
as 1.129 dB at 3 GHz. Figure 9 shows the gain of circular 
polarized antenna over frequency.  
(a) 
(b) 
(b) 
(a) 
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Figure 8: 3DGain and directivity for circular polarization antenna, (a) gain, (b) 
directivity 
 
 
 
Figure 9: Gain of circular polarized antenna over frequency 
 
IV. CONCLUSION 
 
A circular polarization antenna designed using truncated 
corner, coplanar waveguide, stair notches and H-shaped slot is 
proposed to have a frequency of 2.4 GHz while the return-loss 
performance is marked at having – 31.78 dB and bandwidth of 
46 MHz. The axial ratio for the circular polarized antenna is 
0.0435 dB with the same frequency of 2.4 GHz. Based on the 
explanations, this antenna design can be used to perform 
polarization diversity in the wireless system. Therfore, the 
achievement in this work is to create dual polarization antenna 
type of linear and circular. 
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